Purpose: To develop a model of gastroenterostomy and to analyze the acquisition of skills after training by simulation. Methods: Experimental longitudinal study and of a quantitative character. The sample consisted of twelve general surgery residents from four hospitals. The training consisted of making ten anastomoses divided equally into five sessions and it took place over a period of six weeks. The evaluation of the anastomoses considered the time and the analysis of the operative technique through the global evaluation scale Objective Structured Assessment of Technical Skills (OSATS). Results: Residents showed a reduction in operative time and evolution in the surgical technique statistically significant (p<0.01). The correlation index of 0.545 and 0.497 showed a high linear correlation between time variables and OSATS. Conclusion: The preparation of ten gastroenterostomies is an exercise capable of transferring basic and advanced skills in laparoscopy through a standardized training using synthetic organs and a simulator.
be feasible for third world countries, giving hospitals with limited resources the opportunity to provide a means of surgical training that can positively influence the learning curve of general surgery residents 10 and, thus reduce hospital costs 11 .
There is a tendency to seek additional training during and after General Surgery residency due to lack of confidence in the ability to treat surgical diseases by laparoscopy 12 . Therefore, the creation of an innovative model for the training of advanced laparoscopic surgery is justified. Thus, the objective of this research is to develop a model of gastroenterostomy in synthetic organs and to analyze the skills acquisition after a simulation training.
■ Methods
This longitudinal experimental study was approved by the Research Ethics Committee of Centro Universitário Christus (number 1,317,965) and Brazil platform system (Approval with CAAE number 49573215.7.0000.5049). This study respects the ethical precepts of human research and presents no possibility of damage to the physical, biological, psychic, moral, intellectual, social, cultural or spiritual dimension of the human being, at any stage of research or as a result of it.
The research was carried out in the Laboratory of Surgical Skills of Centro Universitário Christus, located in the city of Fortaleza, Ceará-Brazil. The simulations and data collection were carried out from January to March 2016 ( Figure 1 ).
Seveteen residents of General Surgery at the end of the second year of training were recruited to participate in this study. The hospitals invited to participate in the study were: University Hospital Walter Cantídio (HUWC), General Hospital Dr. Cesar Cals (HGCC), General Hospital of Fortaleza (HGF) and Santa
■ Introduction
The anastomosis among the stomach and the jejunum is an important procedure for the treatment or palliation of gastric cancer, and the laparoscopic approach is the preferred technique because it presents a lower morbidity and mortality than the open procedure 1 . Anastomosis may be performed using staplers or manually, as no significant differences were observed in restoration of bowel function, length of hospital stay, and post-operative complications 2 .
One way to reduce surgical complications through simulation programs is to allow a safe and efficient environment to acquire desired surgical skills 3 that are transferred to the operating room 4 . A recent systematic review of simulation in laparoscopic surgery covering 219 studies and 7.138 trainees concluded that simulated training in laparoscopy has great benefits when compared to no intervention
There is a general consensus among surgical educators that there is a need to standardize and improve the quality of teaching surgical skills for general surgery residents 6 , since most current residency programs do not guarantee that future surgeons will be able to complete complex laparoscopic procedures, such as a small intestinal anastomosis 7 .
In the last two decades, there has been a concern about the effectiveness of traditional medical education demonstrated through the search for the best performance of physicians so that the best results can be achieved in health care 8 . Recent reports from the World Health Organization on safety and quality of surgical performance emphasize the urgent need to improve training and certification to perform surgical procedures that are technology dependent, such as laparoscopic surgery 9 . The introduction of a training model for residents interested in laparoscopy may Casa de Misericórdia de Fortaleza (SCMF). Three residents had no interest in participating in the training and two residents were excluded because they did not complete the proposed training.
Surgical procedure
After a first theoretical session consisting of a basic course of endosutures, videos and orientations, the residents began the training which aimed at the participation in the making of twenty anastomoses, being ten as main surgeon and ten as assistant surgeon. In order to reconcile the participants' schedules, the surgical team composed of two residents was chosen for convenience.
The positioning of the surgical team was defined so that everyone was using both hands and thus could interact throughout the procedure. The main surgeon positioned himself in front of the simulator and was entitled to use two portals which were located to the right and left of the optic portal. The assistant surgeon positioned himself on the right side of the simulator and was entitled of two portals, one between the portals of the main surgeon and at the midline level for the The organs used during training with the residents were a stomach and a segment of synthetic jejunum elaborated after several previous tests to the proposed training. The density has been improved so that the fabric composed of an elastomeric rubber achieves an adequate consistency and resistance for needle penetration. The conformation of the synthetic stomach was developing so that it had a cavity and a shape similar to the human organ. The small intestine had a diameter of 3 centimeters and 20 centimeters in length. The stomach was fixed to a plate on the left of the doctor in training and the small intestine segment loosened to the right.
The gastroenterostomy was carried out through a continuous suture in single plane with two Seda 3.0 wires. Each wire was 35 centimeters in length and had a gastrointestinal needle of 3 centimeters in diameter, and its choice was due to cost, availability and usability ( Figure 2 ).
The training consisted of making ten anastomoses divided equally into five sessions and it took place over a period of six weeks. The simulation was performed in the EndosutureTrainning Box (ESTB) 13 .
There was the follow-up of an instructor who made positive feedback while stimulating and guiding the participants. The anastomoses that were recorded for further evaluation were performed for numerical variables. Depending on the normality of the variables, ANOVA or Mann-Whitney tests were performed, as appropriate. For categorical variables, the chi-square test was used. Simple linear regression and multiple analyzes were performed to verify the statistical significance of the correlations. Comparisons with p value up to 0.05 were considered significant. The data were tabulated and analyzed by the SPSS software (Statistical Package for the Social Sciences), v23, SPSS, Inc. for the analysis and evaluation of the collected data.
■ Results
The majority of residents (74.9%) were from Walter Cantídio University Hospital (41.6%) and Fortaleza General Hospital (33.3%). The Holy House (Santa Casa) of Fortaleza (16.6%) and the General Hospital Dr. Cesar Calls (8.3%) had a smaller participation. Participants were predominantly male (83.4%) and had a mean age of 28 years (26-35 years).
In Figure 3 , the average time of the first anastomosis of the residents (66 minutes) was well above the avegare time of the best anastomosis of the expert surgeons (26 min). The value of p<0.007 shows that there is a statistically significant difference. Figure 4 shows that the mean time of the last anastomosis of the residents (27 min) the first and all the latest performed ones from the second training session. The recording began after the first tweezer was placed in the cavity and finished when the needle was withdrawn from the simulator after the anastomosis was made. Care was taken so that the videos had no audio and no part of the participants' body could be recognized. The videos were identified with a code consisting of the registration number and a letter that corresponded to the number of the anastomosis performed.
Evaluation of anastomoses
The judgment of the anastomoses made occurred in two stages. First the evaluator did a quantitative analysis using the time that the participant took to perform each anastomosis. In a second moment, a blind surgeon, through the analysis of the videos related to the exercises performed, evaluated the technical skill in making the anastomoses based on the global evaluation scale of the Objective Structured Assessment of Technical Skills (OSATS) evaluation 14 . The global OSATS assessment scale is applied to any assessment of surgical skills and assesses knowledge, manipulation dexterity, and action record. It consists of seven items of assessment on a 5-point Likert scale 15 . The minimum score of each participant may be 7 points and the maximum of 35 points, having to reach 21 points or more to be considered competent in an individual task 14 .
Pilot project
Three surgeons with experience in more than one hundred gastroenteroanastomoses in real patients were chosen who underwent a simulation in which they performed two anastomoses. The average of the best times of each surgeon was considered the optimal time to be reached at the end of the training.
Statistical analysis
The categorical quantitative results were presented as percentages and counts, and the numerical results were measured as central trend measures. Normality tests were was very close to the average time of the best anastomosis of the expert surgeons (26 min). However, p<0.687 shows that there is no statistically significant difference.
The quality of the anastomosis improved during the training, as can be seen in Figure 5 , which shows a statistically significant improvement (p<0.01) in the OSATS scale score. The r of 0.497 represents a high linear correlation between the improvement in the OSATS scale score and the number of anastomoses made. 
■ Discussion
The surgeon who intends to perform laparoscopic oncological procedures must have the ability to perform sutures and manual anastomoses, as adverse circumstances may occur during the operative event, and the absence of staplers is a common occurrence in Brazilian public hospitals.
The simulation should be inserted as early as possible into the curriculum of residents 15 and the teaching of skills should be progressive, respecting the skill level of each individual 16 . The learning curve is different for each type of surgical procedure and it decreases for complex procedures when one has mastery over basic skills 17 . Therefore, endosuture compliance is fundamental for performing advanced surgical procedures, among which the gastrojejunal shunt is located 18 .
A heterogeneity in the initial results is noted. During the preparation of the first anastomosis, it was observed that the residents presented a great variation in the time (42-114 min) to perform an anastomosis by laparoscopy. However, at the end of the training the residents reduced this difference (20-33 min). It was observed that residents showed basic skills in laparoscopy, as the initial mean was 23 (7-35) points on the OSATS scale. The evolution of the surgical technique and the final quality of the anastomosis was important, resulting in the last operation an average score of 33.4 points on the OSATS scale.
The evaluation of the experts is important to serve as a parameter to be achieved 19 , and the simulated training can lead the trainees to a similar level of the experienced specialists 20 . Residents presented a significant reduction in the operative time to make a gastroenterostomy, going from an initial average of 66, 6 minutes to a final average of 27 minutes which was similar to the average time of the best anastomoses performed by the experts (26 minutes). Training improves the laparoscopic suturing skills of laparoscopy-exposed as well as laparoscopy-naïve surgeons and definitely helps in decreasing the learning curve. Prior experience in laparoscopic surgery does not seem to influence the acquisition of laparoscopic suturing skills, as laparoscopynaïve surgeons catch up with the skills of the laparoscopy-exposed surgeons 21 . Three phases of learning of motor skills were described according to observations in practical sessions 22 . The first phase is related to a rapid acquisition of skills 23 . The second is the consolidation of learning 24 . Finally, in the last phase the skills gain is more gradual until it reaches a plateau that facilitates the retention of abilities 22 . The first anastomosis was performed with an average of 66.6 minutes, while the fourth anastomosis took an average time of 38.8 minutes. Thus, in the first four anastomoses a rapid acquisition of abilities occurred. The eighth anastomosis was performed with an average of 27.6 minutes, while the tenth anastomosis took 27 minutes. Therefore, it can be considered that ten anastomoses is an approximate amount of the ideal to reach the plateau in the learning of a continuous anastomosis proposed for synthetic organs. The period that comprised between the fourth and eighth anastomosis was responsible for the consolidation of the necessary skills for the proposed anastomosis.
There are different levels of ability to acquire proficiency in a given procedure 25 . According to Grantcharov and Funch-Jensen 26 , there are four types of learning curves for the acquisition of technical skills: 1) individuals who demonstrate proficiency from the beginning of training; 2) people who achieve proficiency among two and nine repetitions; 3) a third group that can only gain proficiency after 10 repetitions and 4) a group that does not perform the skills from the beginning and shows no tendency of improvement.
In the data analysis, it was observed that a resident presented a time average in all the anastomoses (55 minutes) very different from the time average of all the anastomoses of the other residents (39 minutes), showing that this resident may require a longer training. An important fact is that all the residents managed to reduce the time considerably and that half of the residents were able to perform the anastomosis in a time that was less than the average of the experts.
According to Cristancho et al. 27 , the surgical simulation needs to identify a goal, systematize training taking into account available resources, use performance evaluation tools and perform evaluations with the purpose of validating the effectiveness of the proposed educational program.
Surgical training programs must be mandated by the government, facilitated by hospitals and developed and defined by medical societies. Thus, training in simulators needs to be part of the curriculum of residents who work in surgical specialties 28 . This model is based in easily accessible materials. The material used was a rubber (elastomer) of low cost, and the price that the company charged us was 30$ (each pack with stomach and intestine). The wire cost $0.5 (Produced by a company located in Fortaleza). Training on a box trainer significantly decreased the learning curve necessary to learn laparoscopic suturing and is the more cost-effective option 29 . We are still far from the American or European standard regarding the training of our residents in laparoscopic surgery. Considering the insufficient quantity and quality of courses and training centers in laparoscopic surgery, we are really faced with a real dilemma, a serious problem. The resolution is undoubtedly the greater integration of the teaching of laparoscopic surgery into residency programs. For this, we need the development of the preceptory and structure of services creation that work with education in surgery. It is now up to schools and services that offer medical residency to adapt to this need not only of doctors in medical training, but especially the population that wants to undergo less and less invasive surgical procedures 30 .
■ Conclusion
The preparation of ten gastroenterostomies is an exercise capable of transferring basic and advanced skills in laparoscopy through a standardized training using synthetic organs and a simulator.
■

